We investigated whether any seasonal variation is observed in the incidence, severity and prognosis of critical limb ischemia (CLI) requiring endovascular therapy. Methods: We analyzed a multicenter database of 1,568 consecutive CLI cases undergoing primary endovascular therapy for infrainguinal lesions between July 2004 and June 2011. The monthly incidence was assessed according to the cumulative number of cases in each month, using a simple moving average. The data were fitted to a nonlinear regression model with a cosine function. The monthly proportion of cases in each Rutherford classification among the overall CLI population was assessed using a multinomial logistic regression model. The monthly risk of major amputation was evaluated using a Cox proportional hazard regression model. Results: Significant seasonal variation was observed in the incidence of CLI ( p＜0.01). It was higher in the period from winter to spring, with a peak in March, and lower in the period from summer to autumn, with a trough in September; the fold difference between the peak and trough was 2.2. The seasonal variation was more markedly observed in the cases with a more severe Rutherford class. The proportion of cases in each Rutherford class among the overall CLI population also exhibited significant seasonal variation ( p＜0.01). In addition, the risk of major amputation demonstrated significant seasonal variation ( p=0.03); however, the statistical significance was lost following adjustment for the Rutherford classification ( p = 0.10). Conclusions: Seasonal variation is observed in the incidence and severity of CLI. The seasonality of the limb prognosis is likely explained by that of the CLI severity. 
Introduction
Critical limb ischemia (CLI) represents the most advanced stage of peripheral arterial disease (PAD)
We subsequently investigated whether the severity of CLI varies with the season. The seasonality was assessed using the cosine function in a multinomial logistic regression model whose dependent variable was the Rutherford classification. With respect to the regression analysis, the cosine function with an unknown horizontal shift was transformed into the sum of the sine and cosine functions with no horizontal shift, and the regression coefficients were estimated 11) (see Footnote B). Finally, we examined whether the prognosis of CLI varies with the season. The prognostic outcome measure was a major amputation within six months. A Cox hazard regression analysis was performed. The seasonality was again assessed using the sum of the sine and cosine functions (see Footnote B).
In the current study, we additionally performed a linear regression analysis to evaluate whether any metabolic parameters in the study population exhibit seasonal variation using the sum of the sine and cosine functions (see Footnote B) . Note that these parameters had some missing data. We also investigated whether the city size, assessed according to the log-transformed city population, affects the amplitude of the seasonal variation (see Footnote C). The data regarding the city population were obtained from the national population census 12) . The data are presented as the mean and standard deviation (SD) for continuous variables or as percentages for discrete variables, if not otherwise specified. A p value of ＜0.05 was considered to be statistically significant, and 95% confidence intervals (CIs) are reported when necessary. All statistical analyses were performed using the SPSS Statistics Version 19 software package (SPSS Inc.). 
Footnote

Footnote B
The seasonality of the incidence of CLI was and is characterized by chronic ischemic rest pain or tissue loss, including either ulcers or gangrene 1) . CLI patients have an extremely poor prognosis, and urgent revascularization is often indicated in clinical practice 1) . A number of previous studies have investigated the seasonal variation of the incidence of other cardiovascular diseases, such as ischemic heart disease and stroke [2] [3] [4] [5] [6] [7] . In addition, some reports have demonstrated that the severity and prognosis of these diseases also vary with the season 3, 8, 9) . However, the seasonal variation of CLI remains unknown.
Aim
The aim of the current study was to examine whether seasonal variation is present in the incidence, severity and prognosis of CLI requiring endovascular therapy.
Methods
We evaluated a multicenter database of 1,568 consecutive cases with CLI undergoing primary endovascular therapy for infrainguinal arterial lesions at nine participating cardiovascular and vascular centers in Japan (see Footnote A) between July 2004 and June 2011. All patients with chronic ischemic rest pain and/or foot ulcers or gangrene were evaluated for limb ischemia using angiography. The diagnosis and management of CLI were compliant with the Transatlantic Inter-Society Consensus (TASC) 10) or its revised version, the TASC Ⅱ 1) . Once the patients were diagnosed with CLI, endovascular therapy was employed as the first-line procedure for revascularization according to the recommendations in the TASC (Ⅱ). The indications for endovascular therapy were judged according to consensus among vascular specialists, including vascular surgeons.
The monthly incidence of CLI was assessed according to the cumulative number of cases in each month, which was corrected for a standard month of The data are presented as the mean±SD or numbers (percentages). 
The seasonal variation in metabolic parameters was assessed using the linear regression models in which the sum of the sine and cosine functions was entered (see Footnote B). The hemoglobin A1c levels were converted to National Glycohemoglobin Standardization Program equivalent values using the conversion equation reported by the Japan Diabetes Society. HDL, high-density lipoprotein. Therefore, both the amplitude B and the month of the peak T were derived from β1 and β2.
Footnote C
To assess the influence of the city size on the seasonality of the incidence of CLI, we developed the following nonlinear regression model and estimated the regression parameters according to the least squares method: Y =α＋(1＋γ×C )×β×cos(2π(t−t 0)/12), where the dependent variable Y is the estimated monthly prevalence per annual cases, t is the month, C is the decadic logarithm of the city population and the other variables are the regression parameters to be estimated. A value of γ that is significantly larger or smaller than 0 indicates that a ten-fold increase in the city population is associated with a γ/100 percent increase or -γ/100 percent decrease, respectively, in the amplitude of the seasonality.
On the other hand, we investigated the influence assessed using a cosine function, as follows: Y =α＋β ×cos(2π(t−t0)/12), where Y is the estimated monthly prevalence per annual cases and t is the month (1 = January, 2 = February, …, 12 = December). In this function, α represents the mean monthly incidence, β indicates the amplitude, equal to the half the difference between the peak and trough, and t0 reflects the month of the peak. In the multinomial logistic regression analysis of the CLI severity, the Cox proportional hazard regression analysis of the CLI prognosis and the linear regression analysis of metabolic parameters, sin(2π t/12) and cos(2πt/12) were simultaneously entered as explanatory variables. Once the partial regression coefficients (β1 and β2) were obtained in the analysis, the regression function was transformed using the following formula: β1×sin(2πt/12)＋β2×cos(2πt/12) = B× cos(2π(t−T )/12), where B is equal to the square root of β1 2 ＋β2 2 and T is equal to −12×arctan(β1/β2)/2π. Fig. 2A to C show the respective monthly incidence in each Rutherford class. Although every Rutherford class exhibited seasonal variation and was well fitted to a cosine function (R 2 = 0.89, 0.95, and 0.96 in Rutherford classes 4, 5 and 6; all p＜0.01), the amplitude differed among Rutherford classes. The fold difference in the monthly number between the peak and trough was calculated to be 1.7 (95% CI: 1.5 to 2.0) in Rutherford class 4, 2.2 (95% CI: 1.9 to 2.6) in Rutherford class 5 and 3.8 (95% CI: 2.9 to 5.2) in Rutherford class 6, thus indicating that the more severe the Rutherford class the more marked the seasonality. A subsequent multinomial logistic regression analysis showed that the proportion of cases in each Rutherford class among the overall CLI population exhibited statistically significant seasonal variation ( p ＜0.01) (Fig. 2D) . The seasonal variation was not influenced by the city size ( p = 0.84).
Rutherford Classification and Seasonal Variation
CLI Prognosis and Seasonal Variation
As shown in Fig. 3 , the risk of major amputation demonstrated significant seasonal variation ( p = 0.03). The unadjusted hazard ratio of the peak relative to the trough was calculated to be 1.8 (95% CI: 1.1 to 3.1). The seasonal variation was not influenced by the city size ( p = 0.31).
When the association between the season and major amputation was adjusted for the Rutherford classification, the seasonality lost its statistical significance ( p = 0.10). On the other hand, the Rutherford classification exhibited a significant association with major amputation; the adjusted hazard ratio was 3.2 of the city size on the seasonality of the severity and prognosis of CLI by assessing the interaction effects between the log-transformed city population and the seasonality.
Results
The baseline characteristics of the cases are shown in Table 1 . They were 73±10 years of age, and 62% were male. A total of 420 cases (27%) were categorized as Rutherford class 4 (i.e., ischemic rest pain without tissue loss), while 886 (56%) and 262 (17%) were categorized as Rutherford class 5 (minor tissue loss) and 6 (major tissue loss), respectively. A total of 113 cases underwent major amputation within six months. No significant seasonal variation in metabolic parameters was observed in the current population ( Table 2) 13)
.
CLI Incidence and Seasonal Variation
The monthly incidence of CLI is shown in Fig. 1 . Seasonal variation was observed, with a peak in March and a trough in September; 12% (95% CI: 10% to 13%) of the annual cases were observed in March, while 5% (95% CI: 4% to 6%) were observed in September. The nonlinear regression analysis showed that the data were well fitted to the cosine function with annual periodicity (R 2 = 0.97, p＜0.01). The fold difference between the peak and trough reached 2.2 (95% CI: 2.0 to 2.5). No significant influence of city size on the seasonal variation was observed; the change in amplitude was −8% (95% CI: −24% to 8%) per a ten-fold increase in the city population. The monthly risk of major amputation was analyzed using a Cox proportional hazard regression model. The data represent the unadjusted hazard ratios relative to the annual average risk with 95% CIs.
not significantly influence the seasonality of CLI. These findings indicate that the seasonality of CLI might be unrelated to metabolic profiles and regional backgrounds in Japan. In addition to demonstrating the seasonality of the incidence and severity of CLI, the current study showed that the risk of major amputation exhibited significant seasonal variation (Fig. 3) . However, this seasonal variation lost statistical significance when adjusted for the Rutherford classification. These findings indicate that the seasonal variation of the prognosis of CLI would be explained by that of the severity of CLI.
There are several limitations to the current study. First, the current study was based on a database of CLI patients undergoing primary endovascular therapy. It remains to be revealed whether a similar pattern of seasonal variation is observed in CLI patients undergoing open bypass surgery. Second, the current study recruited only Japanese patients. Another clinical point of interest is whether there are ethnic differences in the seasonal variation of CLI. Third, the current database was imperfect with respect to metabolic profiles, with some missing data. In addition, we did not take into consideration any medications that might substantially influence the patients' metabolic profiles. These imperfections may result in nonsignificance of the metabolic seasonality. Fourth, the assessment of geographic characteristics might be insufficient. We used the city size, assessed according to the population of the city in which revascularization was performed. However, this city was not always the same city in which the patient lived. Furthermore, the city population itself may not appropriately reflect the characteristics of the geographic region. Future detailed studies are therefore needed to validate the current findings.
Conclusion
Seasonal variation was observed in the incidence and severity of CLI requiring endovascular therapy. The apparent seasonality of the limb prognosis was likely explained by that of the severity of CLI. Future studies are needed to investigate the underlying pathogenesis of the seasonal variation in the incidence and severity of CLI.
Discussion
In the current study, we investigated the seasonal variation in the incidence, severity and prognosis of CLI requiring endovascular therapy. Numerous previous studies have investigated the seasonal variation of other atherosclerotic diseases, such as ischemic heart disease and stroke [2] [3] [4] [5] [6] [7] . However, little is known about the seasonal variation of limb ischemia requiring revascularization. Such information would be of practical importance for bed management in hospitals and patient enrollment management in future clinical trials. To the best of our knowledge, this is the first report concerning the seasonal variation of CLI.
The current study demonstrated that there was significant seasonal variation in the incidence of CLI (Fig. 1) . The fold difference between the peak and trough reached as high as 2.2. Furthermore, seasonal variation was more markedly observed among the cases with more severe CLI ( Fig. 2A to C) , and the proportion of cases in each Rutherford class among the overall CLI population also varied across the seasons (Fig. 2D) . These findings indicate that the seasonal variation of CLI is considerable and cannot be ignored in clinical practice.
The underlying pathogenesis of the observed seasonal variation remains unknown. Given that similar patterns of seasonality are observed in other cardiovascular diseases [2] [3] [4] [5] [6] [7] [8] [9] , there may be a common hemodynamic mechanism. One possible explanation is the influence of ambient temperature on the progression of CLI. Cold stimuli would cause vasoconstriction and deteriorate limb ischemia. Indeed, a few previous studies reported that a cold environment more severely impairs the peripheral microvascular blood flow 14, 15) . However, there remain questions regarding the influence of cold temperatures on the peripheral macrovascular blood flow 16) . Future studies are needed to investigate the underlying pathogeneses.
Other possible explanations include the influence of metabolic profiles and social factors. It has been generally reported that metabolic profiles worsen in winter, which may increase the risk of cardiovascular disease 17) . In addition, metabolic abnormalities are substantially associated with lifestyle and social factors, whose trends vary according to the region, especially between large cities and other areas. These factors may therefore affect the seasonality of cardiovascular diseases. However, in the current study population, no significant seasonal variation was observed in metabolic parameters. In addition, the city size did
